Internal Government Studies

1995

Reports and Presentations

Study Name: Climate Study Suite

Team Members: NOAA/ORA(W. Planet),
NRL(R. Lucke), &
Univ. of MD(R. Hudson)

IPO POC: S. Mango



INTERNAL GOVERNMENT STUDIES - FY 1995
Climate Study Suite

Presentation/Paper Title Author(s) Date
“Final Report, Sensors for Solar Irradiance J. Lean, P. Foukal, 1 OCT 95
Monitoring” R. Lee I, C. Frohlick,

H. Jacobowitz
“Workshop on NPOESS Ozone Measurements W. Planet(summary) 30-31 AUG 95
Requirements-Meeting Minutes”
“Climate Monitoring Suite ICS Final Presentation, H. Jacobowitz 28 SEPT 95
Earth Radiation Budget, Solar Irradiance, Aerosols”
“Climate Study Suite Final ICS Presentation R. Lucke, W. Planet 28 SEPT 95
to the IPO (with recommended IORD EDR Levels)” R. Hudson
“Climate Suite IORD Recommendations to the IPO, All Team Members 28 SEPT 95
Report to the IPO (7 pages).”
“Climate Monitoring Suite Study Report for the NPOESS R. Lucke, W. Planet 28 SEPT 95
ICS: Part A: Ozone Sensors” R. Hudson
“Climate Study Suite Final Report for NPOESS R. Lucke, W. Planet 31 AUG 95
ICS: Part A, Ozone Sensors, DRAFT’ R. Hudson
“Climate Monitoring Suite, ICS Interim Status H. Jacobowitz 29 JUNE 95
Presentation to the IPO (Earth Radiation Budget vu-graphs)”
‘Climate Monitoring Suite, ICS Interim Status R. Lucke, W. Planet 29 JUNE 95
Presentation to the IPO (OZONE SENSOR vu-graphs)” R. Hudson
“Climate Monitoring Suite, ICS Interim Status J. Lean 29 JUNE 95
Presentation to the IPO (Solar Irradiance Sensor vu-graphs)”
“NPOESS Ozone Workshop Proposal” W. Planet 28 JUNE 95
“Cost Analysis Inputs (CARD) for Ozone R. Lucke 17 APRIL 95
Sensors for the NPOESS”
“CARD Input for Climate Suite Internal Concept Study” H. Jacobowitz 17 APRIL 95
“Ozone Sensor Study: Monthly Progress Report, R. Lucke 8 AUG 95
AUGUST 95~
“Ozone Sensor Study: Monthly Progress Report, JUNE 95~ R. Lucke 13 JUNE 95
“Ozone Sensor Study: Monthly Progress Report, MAY 957 R. Lucke 16 MAY 95
“QOzone Sensor Study: Monthly Progress Report, APRIL 95” R. Lucke 18 APRIL 95



August 30-31, 1993
NOAA Science Center
Camp Springs, Maryland

Summarized by:

Walter G. Planet
NOAA/National Environmental

. PRy e, I I3 Wy T B g |
LelLlLlLEe, JUalLa, 4ana
Tnfarmatrinarn Carvwrdisaa

Office of Research and Appl.

Satellite Research Laboratory



Executive Summary

b nd. The Workshop was sponsored by the Office o
Applications of the National Environmental Satellite, Data, a
Information Service as part of an Internal Concept Study for th
Integrated Program Office (ICS/IPO).

The purpose of the Workshop was to acquire sciantifically-

based ozon easurements requirements to be ¢
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These and other ozone-related requirements were to be presented to
the IPO, to be considered in developing the operational satellite

Participants at the Workshop represented a scientific cross-
tion of users of satellite ozone cata in a variety of studies
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2) Presentation and discussion of the final rt of the

Climate Suite Internal Concept Study conducted jointly by
NOAA/Office of Research and Applications, DoD/National
Research Laboratory and the University of Maryland,
Department of Meteorology.
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N,0, stratospheric and upper tropospheric water vapo
Cclo (or C1lONO,) and solar flux.

4) Agreement that user scientists must be involived in the
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Extended Summary of the Workshop

The goal of
consensus of the
requ1rements for

the Workshop was to review and develop a
scientific community on the measurement
ozone appllcable to the next- generatlon

NPOESS, the convergea satellite syst
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measurement

Excerpts from the IORD were made available to the Workshop
participants. These excerpts spelled out the then-current state
of the operational requirements and the overall rationale for the

-

EDR were listed as
-l
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measuremerncs.
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Participants were asked to address ozone measurement
requirements from their individual viewpoints and research needs.
For those items llsted as TBD, they were to recommend specific
(1e, other
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previougly stated to the

was to review and develop a consensus on the measurement
requirements for ozone applicable to the next-generation NPOESS.
The parameters for the ozone Environmental Data Record as

contained in the

noted to contain many TBDs. The Workshop participants were asked
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of the EDR as well as reviewing and changing the existing
parameters '
Informal Presentations

Several part1c1pants gave individual presentations
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J. Kaye presented his thoughts on the need for ozone



measurements. Based in part on past reports such as the National
Plan for Stratospheric Monitoring (F’M.P17.1989) and Spaced Based
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of monitoring were presented and discussed. A summary of his
recommendations follows:

o Converged program should include monitoring of ozone and
related constituents
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troposphere)

o Enough other quantities should be monitored so that data
can be interpreted, especially temperature; Cl0, H,0, aerosols,

HNO;, and possibly one dynamical tracer (N,0?)
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(tropospheric aeroscols, S0,) and supporting applications
tropospheric aercsols, S0,;) a pporting applications
(including very rapid access to data) where incremental costs are
low

o The overall international measurement program should be
significantly larger than the cperational monitoring program to
provide the full context for interpretation of measurements and
mAantiriiad valiAdAarian AF wnmntrhacaga
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L. Hood discussed his work with TOMS ozone data and the
measurements requirements for ozone and related parameters,
including temperature, solar UV spectral irradiance and
geopotential height.
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ozone and other parameters in general

E. Remsberg discussed ozone measurements needs particularly
as related to ozone profile accuracy (+3 to 5%) and temperature
accuracy (¢2k) . Measurements should be extend d
mesosphere. Ozone and tempef sh
o ande o - 1 3 -
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J. Angell discussed long-term histories of total ozone and
ozone vertical profiles. He pointed out some research issues
with the latter especially concerning volcanic ash solar

activity, QBO and El Nino effects.
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detailed photochemistry.

R. Portmann discussed the role of aerosols and their
variations in ozone depletion. He emphasized the depletion



occurring in the northern md-latitudes and in the springtine
Antarctic. He noted that in order to interpret future ozone
measurements, coinci dent aerosol neasurements are essential.

S. Chandra di scussed solar activity-ozone relations using
stratospheric ozone distributions determned from SBuv/2 and MLS

observati ons.

R. Lucke di scussed the study sponsored by the NPOESS
| ntegrated Program O fice on the applicability of existing and
pl anned ozone sensors. He specifically related sensor
characteristics (cost, weight, power) as well as measurenent
performances as they all relate to the NPOESS neasurenents
requi renents. | ncluded in the study report prepared for |PO were
measur enment paraneters for several atnospheric species related to

ozone photochem stry.

D. Wuebbles di scussed the need for neasurenents of other
constituents in order to better understand ozone. Durin? t he
Workshop he prepared a note on recommendati ons and justification
for ozone and other trace constituent measurenents. This was
expanded and conbined into a note by Perliski, Portmann and
Wuebblee which is Appendix 3 to this report.

Further general discussions

A vigorous discussion, both during the above presentations
and follow ng, was centered on the objective of the Wrkshop; ie.
establishing the ozone neasurenent requirenents for NPOESS. The
then-existing table of requirenents was nodified, conpleted and
clarified to generate a Wrkshop-endorsed table of requirenents.
This is given in Appendix 4. Subsequent to the Workshop, it was
transmtted to the IPO In addition to ozone, neasurenents of
ot her atnospheric paraneters were discussed particularly of
stratospheric tenperature and water vapor. After the Wrkshop
nmeasurenments requirenents were generated by A Mller
(temperature), D. Wiebbles (water vapor) and L. Hood (solar
ultra-violet flux) given in eypendix 5. Measurenent requirenents
for other species not covered in the Wirkshop are in the Internal
Concept Study Report and include N,0, Clo, c10NO, and HNG, .
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Appendi x 2
Workshop Materials Presentations

Some thoughts on measurements of ozone and related
atmospheric constituents for 'convergence!

Measurement requirements for ozone and related
parameters - notes

Large-scale transport and mixing in the
stratosphere - notes

Research issues - notes
Long-term research plans - notes

The Role of aerosol variations in anthropogenic
ozone depletion - notes

not es

R L. Lucke, WG Planet and R D. Hudson - Climate Suite Study
Report for the NPOESS Internal Concepts Study - Part A:
Ozone Sensors (1995)

D. Wiebbl es

Recommendations and justifications for ozone and

other trace constituent measurements - note.
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Recommendation and Justification for
Ozone and Trace Constituent Measurements

Lorti Perliski, Bob Portmann and Donald J. Wuebbles

1.0 Introductory Comments

NPQESS will play a critical role in monitoring the atmospheric and oceanic environments
in the next century by systematically measuring a variety of climarically~important vari-
ables. Although about seventy measurement priortes, or environmental data records
(EDRs), have been established, the currently planned measurements may not provide the
opportunity to adequately monitar the future evolution of the ozone layer. The comments
below result from a workshop aimed at achieving a consensus on requirements for
NPOESS ozone measurements. Arguments arc presented that clucidate the value of mea-
suring other trace constituents in addition to ozoune. The abiliry to interpret ozone mea-
surements accurately will be considerably diminished without corresponding
measurements of other trace constituents thought to be crirical in influencing ozone levels.
Of highest lmporrance are aerosol abundances, as well as stratospheric water vapar and
the dynamical wracer, N3O, which wouid significantly enhance the ability to determine the
effects of interannnal dynamical variability on atmospheric ozone. Measurements of
atmospheric trace species such as C10, HCl, HNO;, and NO, which are involved in the
pardtoning of chlorine between reactive and reservoir forms, would also be very useful.
Depeading on the rype of azone measurement system chosen by the NPOESS program,
expericuce from the NASA UARS (Upper Amosphere Research Satellite) Program has
demonstrated that additional insqument channels may easily be added to measure these
species for relatively little additional cost.

2.0 Ozone

Special consideration needs o be given to monitoring ozone abundances in the upper tro-
posphere and lower stratosphere, therefore it is essential that the NPOESS ozone measure-
ments be accurate in the upper toposphere and lower stratosphere. There are several

underlying reasons for this priority:

1) The observed changes in total 0zone over the last twenty years have largely been due to
decreases in lower sumosphmc ozone. Over the next few decades, the significant strato-
spheric ozone decreases due to CFC's and halons are predicted to decline as statospheric
chlorine abundances begin to drop. However, recovery of the stratospheric ozone layen' is

not cxpecucu to be largely compxew until the middie of the next cenmury, and will be

acpcnuent on the actual prooncuon and emissions of HCFCs and other replacement com-
pomms, the extent to which the wpennagen Amendment to the Montreal is followed, and

< sl __ 3 an——

the amount of methy] bromide reicased into the atmosphere,



2) Raceatly, the effects of existing and projected aircraft emissions on upper tropospheric

and lower stratospheric ozone have been the subjects of intense research. These potential-

effects are not well understood at this time, but are of sufficient concern © warmrant
increased emphasis on accurate ozone monitoring in these regions. In addition, extensive
use of next gemeration supersonic aircraft may begin around 2005, with probable flight
altimdes in the 16-17 km altiude region of the lower stratosphere. While current models
of amospheric dynamical and photochemical processes do not project major changes in
ozone from a fleet of as many as 500 of these HSCT aircraft, uncertainties in rhose models
justify the need for monitoting of ozone in this region.

3) Several smdies have shown that ozone changes in the upper troposphere and lower
stratosphere (roughly 5-20 km) would have the most significant impact on radiative forc-
ing of climate change. Monitoring is needed to establish whether there are wends in wopo-
spheric ozone.

3.0 Stratospheric Aerosols

Stratospheric aerosols play a key role in the partitioning between unreactive reservair
forms of halogens and reactive Species which destroy ozone. Heterogeneous reactions of
the reservoir molecules CIONQO,, N,Os, HC1 and BrONO, 0n the surfaces of stratospheric
acrosols effectively convert unreactive chlorine and bromine o reacidve forms while
cycling nitrogen to HNO,, a sink fOr the reactive swratospheric nitrogen. These heteroge-
neous PrOCESSES are very temperature-dependent and rend to occur fastest at cold tempera-
wres. However, heterogeneous chemistry is thought to be relatively efficient on
stratospheric background |1quid sulfate aerosols as well as Polar Stratospheric Clouds
(PSCs). The presence of the background sulfate aerosol layer has likely increased the
long-<rm ozone decrease at mid-latitudes due tO increases in atmospheric chlorine and
bromine. In addition, enhanced aerosol abundances due t0 volcanic eruptions cause large
ozone depletion events, aS observed after the eruptions of El Chichon in 1982 and
Pinambo in 1991. The lower stratospheric aerosol amounts have been highly variable dur-
ing the period from the late seventies (When satellite acrosol measurements began) and the.
preseat and will likely remain SO in the fumre. Direct measurement from satellite currently
remains the only reliable way to obtain global estimates of stratospheric aerosol surface
area and attendant effects on ozone.

A further argument for long-term monitoring of stratospheric acrosols is that although
stratospheric ozone is expected to recover in the next century due to atmospheric halogen
decreases, several factors could slow or even reverse this recovery. The statosphere could
cool, for example, as the troposphere wanms due to increased carbon dioxide. A strato-
spheric cooling would accelerare the remperature-dependent heterogeneous conversion of
noareactive to reactive chlorine and bromine, and likely increase the frequency of PSC
formation, perhaps accelerating lower stratospheric ozone loss at high latitudes. Another
possibility is that the properties of the stratospheric acrosol layer itself could exhibit long-
term behavior. Ground-based observations suggest that the sulfate acrosol abundance in
the stratosphere may be increasing due to anthropogenic sulfur emissions. Stratospheric
water vapor increases are also expected in the future, duc to atmosphexric methane
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tary. This workshop was very successful, and it is our opinion that more such events
should be held. In particular, it is very difficuit to come up with a set of measurement
parameters without considering what types of instruments could possibly fill the raquire-
ments. Currently, the research commaunity is supposed 0 recommend parameters of the
system without considering the type of instrument that would best fill the requirements.
The prospective coniractors are then expected to propose a specific observing system
which may then be rejected if it does not meet the requirements. At first this methodology
- may seem perfectly ratonal, however, it may be argued that the choice of the type of
instrument may not be separated so remotely from the detailed scientific considerations!
Filling in a table of parameters becomes more an exercise in writing up a wish list rather
than a careful evaluation of research needs and accomplishments of past observing sys-
tems. A better way 1o proceed is allow discussion of past ozone measurement systems,
carefully evalusting and comparing them in the context of their appropriateness for an
operational satellite program. Scicntists intimately familiar with such past successful
insouments such as SBUV, TOMS, LIMS, SAGE, and MLS should discuss the advan-
rages and weaknesses of the their gystems in detail. Let’s try to learn as much as possible
from our past experiences! In addition, the possibility of using the proposed instrument to
' measure other stratospheric parameters (like the those discussed above) should also be
weighed, since it is possible thar additional atmospheric informetion could be obtained
very cconomically. The type of observing system should be decided on by the SCIEN-
TISTS based on derailed scientific criteria, and then contractor’s bids should be solicited.
This would ensure the maximum amount of scientific involvement in planning this pro-
gram and it would increase the likelihood that we will get the most scientifically-useful
measurements possible for the first half of the next century. In addirion, it is very impor-
tant that the NPOESS plans be related to planned ground-based monitoring programs.
Consideration of ground-based measurement programs could possibly have implications
for discussions of which stratospheric quantities NPOESS should monitor, as well as how
they should be monitored. NPOESS offers an exmemely valuable opportunity to monitar
and study the stratosphere’s photochemistry and climate over a relatively long period in
the next century. The fact that the number of research satellite launches in the next century
is highly uncertain, makes it essential that the planning for NPOESS be done as carefully

and thoughtfuily as possible.

(5



Lm o ne Imaas M) bwe A Licol. . wemreld ceenmerdde wre

g OI Waltd Vapii iU at ivas: 4V Al U LUEDST wullul UVIUS Valuaurs o
Py Wy P - — b ®rasece lo mw—m s T em G st = mesmas dtmewusdn  Joeed P Y
chﬂnw!msmmﬂi“mphvmmoniyﬂwww > vaplor {ichas, ot EXpCC d
cmamatace do ammen awwdd Acher atmarmsnl.acds foeecimcante

m ifi OZOIC ang OtsY DU ST PN s LVULIHMIGULY .

Recent studies at the University of Illinads indicate that active lider measurements of water
vapor from space could achieve extremely high accuracies (1-2%) in measwxing apper wo-
mmhn'h‘ mnnmtmﬂnng of water vapor. 'I'he enerpy requirements are sufficiendy low that

TSt gy Sy e venais) AL SRS eSWER

ﬁmhm- examination of such technianes are warranted.

ey N ____0__ _  _ .

6.0 Chiorine and Nlu'ogen Lompounas

There is overwhelming evidence that chiorine compounds are largely responsibie for the
oczone depledon from the mid-seventies to the present, and they are predicted to continue
mdcplcteozonc unmmeydcclmetn backgroundlcvels (somctimem the middle of the
ncxtcenun’y). mcmnmmnngoxacnmnemmcamemesnzeuumuauowmcdnect
estimation of chiorine induced 0zoue loss. This would be extremely vainabie for identify-
ing additional ozone loss processes, and estimatin gt‘ne degree of chemical processing at

polar latiades. The measurement of a chiorine reservoir species (HCl or CiONG,) wouid
algo be of value in the mtc:pretauon of polar ozone loss.

Global measuremeats of a nitrogen compound, such as NG, or HNO;, would be of value
in asccmimng the degree of heterogeneous conversion of nonreactive to reactive halogen-
containing molecules. In addition, long-term measurements of nitrogen-containing com-
pounds wonldenablethemonmﬁngofmosphmcmmgen trends due to increases in
mmmmmmamtmummmmamve,msmsm
spheric and upper tropospheric mtrogen have important implications for ozone decreases
in the stratosphere and increases in the upper troposphere.
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ingtrument may not be separated so remotely from the detailed scientific considerations!
Filling in a table of parameters becomes more an exercise in writing up a wish list rather
than a careful evaluation of research needs and accomplishments of past observing sys-
tems. A better way to proceed is allow discussion of past ozons measurement systems,
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instruments such as SBUV, TOMS, LIMS, SAGE, and MLS should discuss the advan-
rages and weaknesses of the their systems in detail. Let’s try to learn as much as possible
from our past experiences! In addition, the possibility of using the proposed instrument to
" measure other stratospheric parameters (like the those discussed above) should also be
weighed, since it is possible that additional atmospheric information could be obtained
very cconomicaily. The type of observing system should be decided on by the SCIEN-
TISTS based on derailed scientific criteria, and then contractar’s bids should be solicited.
This would ensure the maximum amount of scientific involvement in planning this pro-
gram and it would increase the likelihood thar we will get the most scientifically-usaful
measurements possible for the first half of the next century. In addition, it is vexy impor-
tant that the NPOESS plans be related to planned ground-based monitoving programs.
- Consideration of ground-based measurement programs could possibly have implications
for discussions of which stratospheric quantitiess NPOESS should monitor, as well as how
they should be monitored. NPOESS offers an extremely valuable opportunity 1o monitor
and study the stratosphere’s photochemistry and climate over a relatively long period in
the next century. The fact that the number of research satellite lannches in the next century
is highly uncertain, makes it essential that the planning for NPOESS be done as carefully

and thoughtfully as possible.
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Ozone Measurements Requirements
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NPOESS Ozone Workshop

4.1.6.2.28 Qzone Total Column/Profile (DoC). Measurement of ozone concentration
within a specified volume.

S Capahiliti

a. Sensing Depth (km)

1. Total column

Thresholds

O-top of atmosphere

Obiecti

0- top of atmosphere

2. Profile 10-60 0-60
b. Horizontal resolution (km) 2
1. Total column 50 at nadir! 50 everywhere
2. Profile 250 250
c. Vertical resolution (km)
1. Total column N/A N/A
2. Profile O 10 km N/A - .3
10-25 km 3 1
25-60 km 5 3
d Mapping (km)
1. Total column 5 5
2. Profile 25 25
e. Range
1. Total column 0.05-0.65 atm-cm 0.05-0.65 atm-cm
2. Profile 0-10 km N/A 0.01-3 ppmv or
1011-3.1012 cm 3
10-60 km 0.1-15 ppmv or 0.1-15 ppmv or
3.109-1013 ¢cm-3 3-109-1013 cm-3
f Precisiond
1. Total column 0.001 atm-cm 0.001 atm-cm
2. Profile 0-10 km N/A 10%
10-15 km 10% 3%
15-50 km 3% - 1%
50-60 km 10% 3%

1In combination with the refresh requirement, this requirement means that footprints must be 50
km at nadir increasing as necessary to edge of the swath.
2This objective means constant size footprints across @ swat h.

3precision in this context means the instantaneous repeatability due to noise, not long term-
repeatability due to instrument drift.

1



NPOESS Ozone Workshop

g Accuracyt
1. Total column 0.015 atm-cm
2. Profile 0-10 km N/A
10-15 km 20%
15-60 km 10%
h Refresh (days)
1. Total column 1
2. Profile 7
i Long-term calibration®
1. Total column 1.0%
2. Profile 2.0%

199508.31

0.005 atm-cm

10%
10%
5%

0.5%
1.0%

*Accuracy may be limited by uncertainties in our knowledge of fundamental absorption/emission
cross-section. The figures given here do include the error due to uncertainties in line strengths.

SLong-term calibration means the long-term repeatability of a measurement.
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Temperature Measurements

1

Alvin J. Miller, Melvyn E. Gelman, Shuntai Zhou

The requirements for temperature measurements as part of the stratospheric monitoring program is
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w factors. Because ozone photochemistry in the stratosphere is temperature dependent
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to include temperature variability within the overall explanation of ozone changes. In
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sphere, temperatures have even more significance in their role in the development
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d Polar Stratospheric Clouds which have been shown to exacerbate
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temperature changes can effect
warming effect. For example, a decrease of temperature in
reducing the infrared radiation to the earth's surface and con
global warming impact.
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It must *~ stressed that while the current discussion of stratospheric monitoring is done within the
context of ozone change, the buildup of atmospheric carbon dioxide ieads to a significant signal of
a tropospheric temperature increase and stratospheric temperature decrease with the latter several
factors greater than the former. Thus, stratospheric temperature monitoring serves to examine and
help explain the combined impacts and causes of observed changes in atmospheric ozone and carbon
dioxide.

Finally, stratospheric circulations are closely related to, and can be derived from the temperature. It
is important to understand the seasonal and interannual changes in the circulation because it plays a
critical role in the transport processes of chemical species (including ozone and CFC's) and aerosols.
The temperature measurements also provide an objective benchmark for stratospheric modeling

studies.



Stratospheric Temperature Profile Requirements

S Capabilit

a. Sensing Depth (km)
b. Horizontal resolution (km)

c. Vertical resolution (km)

0-10 km

10-25 km
25-60 km

d. Mapping (km)

e. Range (K)
O-10 km
10-25 km
25-60 km

f. Precision K)
0-10 km
10-25 km
25-50 km
SO-60 km

g. Accuracy (K)
0O-10 km

10-25 km
25-50 km
50-60 km

h. Refresh (days)

I. Long-term calibration (K)

Thresholds

10-60
250
N/A

3

5
25
N/A

160-340
160-340

0-60

250

3
1
3

25

160-340
160-340
160-340

0.5
0.5
0.5
15

0.5
0.5
1
15

!

0.5



Water Vapor Measurements Requirements -

Upper

Systems Capabilities
Sensi ng Depth
Hori zontal Resol ution
Vertical Resolution
(8km - 22km)
(300mb - 30mb)

(22km - 60km)
(30mb - 0.01mb)

Mappi ng Accuracy
Measur enent Accuracy
Refresh

Trq?osphere/Stratosphere

Wiebbl es
Thresholds
8km - 60
1-2°(-100km)
<2km
Skm
10km
10%

3 days

Objective

8km - 60km
S50km

1km

2km

S5km
5%
1 day

L&



MEASUREMENT REQUIREMENTS FOR SOLAR ULTRAVIOLET FLUX
AND KEY STRATOSPHERIC METEOROLOGICAL PARAMETERS

L. Hood
0 In
In the lower stratosphere where the ozone photochemical lifetime is long compared to
dynamical transport time scales, the ozone abundance at any given season and geographic
location is strongly influenced by meteorological conditions. Because most of the ozone
column is at altitudes below 30 km, these meteorological conditions can play an important
role in determining the total ozone vaiue from day to day, month to month, and year to
year. A knowledge of any possible long-term changes in lower stratospheric meteorolog-
ical conditions is therefore necessary for evaluating the origin of ozone trends. It can be
~shown-that two key parameters that are commonly measured, temperature and geopoten-
tial height, are especially valuable for this purpose. However, the long-term accuracy and
precision that are needed for trend evaluations are not commonly achieved.
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proxies for solar UV flux chang e time scale, have not
been validated on longer time scales. Consequ irect measurements of solar UV vari-
i i od p 'y

s
ability are required for evaluating the origin of ozone interannual variability and long-term
trends.

£

2.0 Meteorological Parameters

Observationally, it is well known that total ozone over a given geographic location
tends to be larger when lower stratospheric temperatures are increased and when the
geopotential heights of constant pressure surfaces in the lower stratosphere are decreased
[Reed, 1950; Diitsch, 1969; Rabbe and Larsen, 1992; Henriksen and Roldugin, 1995]. For

using data obtained over the former Soviet Middle Asia, Henriksen and Roldugin

[1995] demonstrate a significant positive correlation between ozone column density and
temperature at the 100 mbar level and a significant negative correlation between ozone
perasure as tac LUV 110 5 S De Cl1 T
colimn dencitv and the heichts of the 100 and 500 mbar levels. Using a simnle transnort
coiumn aensivy and tag ac1glts Of e UV alld al 1S, V3ME 4 SlINpIC ran3port
mandal hag an tho arane continuity ecuation and the thermodvnamic enerov eqauation it
L3EAUUTLE UGOTWU Vil U2AC VOVUMT LUalviiiuayg VHlalbivas Teaall VadL vVaaadaarsay £ 9 5 ~M Nsady AV
mern he chawrn that thia Ahearvad tondency 1o a cancedanenca of dvnamical farcing 1 o vertdi_
Call DT Sl 11 LIIGL VIO UUOTL YTU VUIIUTLLLY 40 G LUASTHUTMLY Ui Ay liGdililaa 1VLLLILEy 3.0, VUi uw
el cend cmanidlanal ate smatiang 1in tha nracanca Af anatial oradiante Af 2anal maan ArAana and
Cal alla HiICriQioiial ail ILIUWULLD 112 VT PiToUiull VUi Spauicu B GULTLIYE Ui 4Ullas LITCGLL ULUUT aula
PRIy GNP (R, Wand ot ol 19081 Snacifically An o siven sanctant_nrasetira anrfasa
(.cxupcrd.l.ulc \C-s., AL a4 €0 ad. [109VU]). Ipllililadiy, Uil & Havlil LULSLALLLPITSSULT Sulialc
- e e nbin Jnantine 14 1o nngcihla tA darive a ralatinanchin hatwoann a dvnamsi
al a glveil geu| Piic 10Cauioi, iv i8S PpUSssiuiC W GEIIVE a itiaulnsudip OCIWECIL & Qynialiii-
", ¢ ot ki e diinhadinn A ond Aemamisenlley famand bl bhadlian s o
cally 1orcea ozone Xing racio pervuroauion ar aina Gynaiilauy 10rc€a pervuroarions o



temperature AT’ and geopotential height AZ' of the form

Ar' = AAT' - BAZ'

where A and B are constants that are functions of the vertical and meridional gradients of
zonal mean temperature and ozone mixing ratio and of zonal mean zonal wind. Thus. if
Call 1PpCratillc allQ 020020 1NAR2N1E 14520 al1C O 2004l Jcall ZOoLal winQ., .A4us, 1l
the temnperature and geonot ntial height nerturbations can bhe accuratelv measurad it ic
peralure and geopotential height perturbations can be accurately measured, if 1s
noagibla to caleculate an annroximate val or the o0zon i¥xing ratio nerturbation at that
OGS10:C VO CAillialil Qll QppiOALLaLwt VAUl 101 il LL0L0 LA 1400 PLITUIOGuWICL av ulab
laval Ranatitinn ~f thic nracediire at a seriee nf lnwar atratnanheric lavale than allawrs 4ha
1CVCL. NLPCUINICH CF vallS PiOCLCQULT G5 & SCLICS 0L 206 CT SuiQulopaacCaiC i8VES LaCh GuuOWS wnc
Avnamisally farsad tatal Azane narturhatian ta he actimatad
W, uau.uw&_y AVLILVUUL VU VG VaViAY UL VUL VGUAVA VU UV YOviliiGeua.
T ncme domen lacrne atnataanharms cannatantinal haioht and tamnaratisrmn dnda ana el 1.1
LONE-IErn 1OWET SIraiospaeric geopoieniiar neignt ana emperaiure aaia are availaoi
.

T ar
from a variety of sources including the U. S. National Meteorological Center (e.g., Rande
[1992]; Finger et al. [1993]); the European Center for Medium-Range Weather Forecasting
(ECMWF); and from the Stratospheric Research Group at the Free University of Berlin
[Pawson et al., 1993]. In addition, 50-150 mbar weighted mean temperatures have been
derived from Channel 4 radiances of the MSU instruments on the NOAA operational
satellites [Spencer and Christy, 1993]. Of these data sources, the MSU data and the Berlin
data have been most extensively used for estimating lower stratospheric temperature and
geopotential height trends [Labitzke and van Loon, 1993; 1994; Randel and Cobb, 1994;
Pawson et al., 1993; Perlwitz and Graf, 1995]. The NMC and ECMWTF data sets are not
generally considered to have sufficient long-term stability in the lower stratosphere to allow
trend evaluations.

From the standpoint of NPOESS, the above discussion underscores the need for ac-
curate and precise long-term satellite measurements of lower stratospheric temperature
profiles. The horizontal resolution, accuracy, and precision should be comparable to that
of the MSU Channel 4 data but with much better vertical resolution. The observed MSU
temperature trends near 100 mbar range from —4 to +4 K/decade at different locations
in the northern hemisphere (e.g., Randel and Cobb [1994]). The temperature precision
and accuracy measurement objectives (0.5 K) listed in Appendix 5 therefore appear to
be marginally sufficient for trend evaluations. Although accurate satellite remote sensing
temperature measurements at all levels in the troposphere and lower stratosphere would,

low the geopotential heights to be calculated, direct measurements of geopo-
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evidence for the effects of variable solar UV spectral irradiance on stratospheric ozone and
temperature at low and middle latitudes has been obtained on both the solar rotation time
scale (e.g., Hood [1986]; Keating et al. [1987]; Chandra [1986]) and on the solar cycle time
scale (e.g., Angell [1989]; Chandra and McPeters [1994]; Hood [1996]; Zerefos et al. [1996]).
On time scales longer than a solar cycle, solar UV irradiance changes have thus far only
been estimated based on parameterizations of facular brightening and sunspot darkening

(e.g., Lean et al. [1995]). In order to validate such estimates, direct measurements of solar
UV flux changes from one cycle to the next are required.

A number of proxies for solar UV spectral irradiance variability have been developed
using both ground-based and proxy data. On time scales longer than the solar rotation
nerind the Canadian 10.7 em radio flux time series has been found to be hichlv carrelatad
pertod, the Canadian 10./ cm radio iux time series has been round to be highiy correlated
writh anlar 1TV variatione near 200 nm [Donnell 19911, The o IT core.to.wines ratia
Wiltd SGiar vV VvVanauilons near LuvY NI jUONNCLY, 9945, <G V2E 2 COIC-WO-WILE TauUs,
whisrh ronirag antallita TTV maascuiramente near 2200 nm 1 a2 enmawhat haottoar nrnve fAn
Wikl il LC\iu.ll.ca SGUTLLIUT U 7V AU UL VAMITVAAUS UT G &UV iiiiy 40 @ SV YT LIGY ULl PLUAJ 1UL
TIV wrmmindinmg ot charntan gravalanathe (Haath and Qoahlagingar 1QARAR: NMaAanenalles 1Q0Q1. Mol 1.
vy 1GLIVLLY U SHOULIVWCL WaVTITLLE VLS [11C4G01 Gill JULTSILERTL, 100V, vlilliCly, 1994, LEbula
st 21 10091 ALL .- L ithoca nenviag ara nenhahlier adantinta fam t3ema aralac chAardae 4L oo 2L
et al., 1992|. Althougn these proxies are probaply aaequate ior time scales snorter than the
11 e ol e d Lo TTY cpmmindlimng mone AN e Airant mmonciiramante ans obill comoion
li-year cycie d tor UV variations near 20U nm, diréct measurements are stil required
c . 1. PR SO Cons 4l R rys

requirements. A long-term measurement precision of
suggested. '
VRV .Y » P J
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National Ocsanic and Atmospheric Administration
NATIONAL ENVIRONMENTAL SATELLITE, DATA,
é’ AND INFORMATION SERVICE

f %;g; g% UNITED STATES DEPARTMENT OF COMMERCE
[}
aves of s Washington, D.C. 20233

January 17, 1996

Dear Col | eague,

~Enclosed is a summary of the NPOESS Ozone Measurenents
Requi rements Workshop held in August 1995. Pl ease excuse ny

delay in preparing and dissemnating it. Ihewe—alee—ineluded—a—

Every attenpt was made to include the relevant information
generated at the Wrkshop. | did not include reproductions of
the vu-graphs because it would have required the speakers to
prepare sonet hi ng approaching an extended abstract to nake sense.
If anyone does want copies, | wll make them avail able.

Your cooperation in nmaking the Wrkshop a valuable input to the
NPCESS program is acknomﬂed??d and has been recogni zed by NOAA

managenent . You probably w be reconvened as the program
devel ops.

|f you have comments on this Summary, please |et nme know.
Encl osures

Sincerely,

Walter G Pl anet
Chi ef, Physics Branch




